While elevated blood pressure is a recognized risk factor for cardiovascular disease, the prevalence of hypertension still remains unclear for most populations. A door-to-door survey was conducted using modified WHO STEPS questionnaire in a group of villages under the Thavanampalle Mandal of Chittoor District in the state of Andhra Pradesh of South India. Data were collated and analyzed for 16,636 individuals (62.3% females and 37.7% males) above 15 years of age. Overall, prevalence of hypertension (as per JNC-7 classification) was found to be 27.0% (95% CI, 26.3, 27.7) in the surveyed community with 56.7% of the total hypertensives being diagnosed for the first time during the survey. An additional 39.1% had their blood pressure readings in the prehypertensive range. Among the known Hypertensives on treatment only 46.2% had a blood pressure recording within acceptable limits, with 31.2% in the prehypertensive range and only 15.0% in the normal range. Systolic blood pressure (SBP) of the surveyed population showed a continuous linear increase with age, but diastolic blood pressure (DBP) peaked and started reducing in early fifth decade in males. Male gender, increasing age, higher body mass index (BMI), increased waist-hip ratio, increased body weight, family history of hypertension, death of spouse, and diabetes were found to be positively correlated with hypertension. Risk factors of alcohol intake, use of ground nut/palm oil, and family history of diabetes lost their independent predictive ability for hypertension on multivariate logistic regression analysis. The level of physical activity was also not found to be a significant predictor of hypertension in the study population.
Introduction
Developing countries are known to have a high prevalence of hypertension and the suffering is aggravated by resource constraints and lack of awareness leading to poor control [1] . These issues are equally important and significant in India [2] where temporal trends of rising prevalence of hypertension have been documented [3] . From an analysis reported in 2005, 20.6% of Indian men and 20.9% of Indian women were suffering from hypertension in India and the prevalence rates were projected to increase to 22.9% and 23.6%, respectively, by 2025 [4] . These projections are considered underestimates of the true prevalence which has prompted the World Hypertension League to emphasize the need for local and regional surveillance of hypertension prevalence and associated risks [5] . Even though India follows standards like JNC-7 classification for hypertension, the population characteristics of change in blood pressure with age have not been documented well. Ever since the initiation of debate on J-curve for control of hypertension in coronary artery disease [6] , diastolic pressure has gained attention especially the fall after 60 years of age [7] . Similar curves for Indian population have not been studied widely, without which, appropriate hypertension control strategies cannot be postulated to avoid overzealous control, especially in elderly.
In India, increasing prevalence of obesity has been primarily correlated with hypertension [8] . Other important reported risk factors include age, smoking, and chewing tobacco, alcohol consumption, raised BMI, consumption of low vegetables/fruits, high consumption of dietary fat and salt, and a sedentary lifestyle [9] . Even though there is a widely accepted belief that illiteracy is associated with higher prevalence of hypertension, literature from middleincome countries are not very conclusive. However, it has been well documented that control of hypertension is poor among uneducated, especially because literacy is a necessary skill for successful medication adherence and disease self-management [10] . In a study among rural population in 1994 it was shown that there was an inverse relationship between education level of individuals and hypertension [11] . On the contrary, educational status was not shown to be associated with a significant effect among Indian urban middle-class population [12] . Further, consanguinity has been noted to influence prevalence of hypertension [13] . South Asia and especially some parts of Southern India are reported to have high prevalence of consanguineous unions [14] . The current demographic and epidemiological survey was conducted to provide baseline information on the community for establishing a cohort. This paper provides results on estimate of baseline prevalence and risk factors of hypertension among the study participants, with an overall aim of providing information critical for the development and implementation of interventions and control strategies specific to a population [15] .
Material and methods
A door-to-door community based cross-sectional survey was conducted using modified WHO Data were collated and analyzed for 16,636 individuals (62.3% females and 37.7% males) above 15 years of age from 8947 families with an average number of 1.86 members from each family (median 2). Trained healthcare workers keyed in the data in android tablets using application software specifically developed for this survey. Three consecutive recordings were made for every blood pressure measurement and an average of these three values was used for the data analysis. Hypertension was classified as per JNC -7 i.e.,: Normal-systolic blood pressure (SBP) < 120 and diastolic blood pressure (DBP) < 80; Prehypertensive SBP 120-139 or DBP 80-89; Stage 1-SBP 140-159 or DBP 90-99; Stage 2-SBP 160-179/DBP 100-109; Stage 3-SBP > 180/DBP > 110. Quality assurance measures included training of data collectors, supervision of a proportion of visits and measurements by researchers and periodic calibration of blood pressure (BP) instruments. Also, a sub sample of 3660 individuals in the overall surveyed population was contacted for ascertaining prevalence of consanguinity among them and among their parents. A database was created in MySQL and analyzed using iStata and SPSS 16. Kolmogorov-Smirnov test was used as test of normality. Statistical analysis of independent categorical variables with dependent continuous data was done using 
Results
The population comprised mainly of Hindus (95.2%), 2.9% Muslims; 1.8% Christians; and less than 0.1% Jains among other religions. They mostly belonged to backward (33%) and schedule castes (32.6%); with 72.5% having an income less than Rs. 1500 per head; 36.4% had no formal education; and were mainly farmers by profession. The sociodemographic profile of the studied population is tabulated in Table 1 . Mean (±SD) SBP of the population was found to be 124 (±20) mm of Hg and mean (±SD) DBP was 77 (±12) mm of Hg. The mean (±SD) SBP among males and females was found to be 127 (±19) mm of Hg and 122 (±20) mm of Hg, respectively, and mean (±SD) DBP was found to be 79 (±12) mm of Hg and 77 (±12) mm of Hg, respectively. Box and Whisker plot for distribution of systolic and DBP in both genders is shown in Fig. 1 . This difference in blood pressure levels was found to be statistically significant with males having higher SBP (p < 0.001) and DBP levels (p < 0.001). However, the difference of SBP and DBP measurements among males and females obliterated with age ( Fig. 2) . Interestingly, the DBP among males started falling after 45 years of age. This fall in DBP was 15 years earlier than reported in Western population [7] .
The prevalence of Hypertension in the study population is shown in Table 2 . Overall, 4494 individuals were identified as hypertensive (among them 2546 were identified for the first time, i.e., new hypertensives; and those diagnosed/ informed in the past as hypertensive were 1948), with prevalence of hypertension as 27.0% (95% CI, 26.3%, 27.7%) in the surveyed community. A substantially large proportion of the population was unaware of their prehypertensive (40.2%) or hypertensive (17.3%) status prior to this survey. Less than half (46.2%) of the known hypertensives (on some kind of therapy/management) had their blood pressure in non-hypertensive range; 14.6% had Stage 1 hypertension; 5.0% had Stage 2 hypertension and 2.0% had Stage 3 hypertension (Table 2 and Fig. 3 ).
Age-adjusted (as per WHO standard population) genderwise prevalence of Hypertension is shown in Fig. 4 . Percentage of prehypertensives and hypertensives was higher in males as compared to the females (p < 0.000).
Mean age was calculated for various stages of hypertension among male and female hypertensives. The mean was linearly correlated with raise in blood pressure levels from normotensives to stage 3 hypertensives as shown in Table 3 . In both males and females mean age differed significantly among various hypertension categories on ANOVA testing (F = 132.8; p-value = < 0.0001 and F = 527.2; p-value = < 0.0001, respectively). Odds of hypertension (BP ≥ 140/90) were 1.44 times higher in males as compared to females and it was statistically significant (OR 1.44; 95% CI: 1.34-1.56, p-value < 0.001).
The prevalence of hypertension is shown in Fig. 5 being married with their cousins from maternal side, 80 (46%) married with cousins from maternal side and 49 (28.2%) married with their sister's daughter. Other socioeconomic and personal predictors were also analyzed for their association with hypertension.
Risk factors
The risk factors that were investigated in this study included age, gender, physical activity, smoking, alcohol, educational status, income, occupation, BMI, weight quartile, waist-hip ratio, cooking oil used, blood sugar level and the family history of hypertension and diabetes. Univariate and multivariate logistic regression analysis was done to estimate adjusted odds ratio for outcome of hypertension based on these predictors. The results are shown in Table 4 .
Univariate analysis
Odds of hypertension were significantly increased among current smokers and those who consumed alcohol (OR 1.61; 95% CI: 1.42-1.82; p-value < 0.001 and OR 1.43; 95% CI: 1.26-1.62; p-value < 0.001, respectively). However, tobacco chewing or level of exercise did not have any statistically significant impact on odds of developing hypertension (OR 1.03; p-value 0.41 and OR 1.14; p-value 0.34, respectively). The users of Palm oil, which is being issued under the State Public Distribution System (PDS) since 2013; were found to have lower odds of developing hypertension by nearly 30% (OR 0.71; 95% CI: 0.74-0.89) as compared to sunflower oil users (p-value < 0.001). Also users of ground nut oil, mostly extracted from the locally grown crop, had nearly 20% lower odds of developing hypertension (OR 0.81; 95% CI: 0.74-0.89) as compared to sunflower oil users (p-value < 0.001).
Multivariate analysis
Overall effect of multivariate logistic regression model was computed as McFadden's pseudo R square, which was 14.6% (i.e. explaining 14.6% of outcome variability) and model as a whole was also statistically significant (LR Chi square test: 3235; p-value < 0.0001). Interaction among independent variables particularly age, BMI, gender and body weight quartiles was checked. The results with all these interaction terms in the model were similar to the original regression model except that predictor BMI failed to retain its statistical significance. Since, it is clinically well established that BMI has independent predictive value for outcome of hypertension, it was retained in the initial model with ten predictors having independent prognostic role for the outcome of hypertension. Gender, diabetes and age retained their significance as risk factors for hypertension. Further, increased BMI, waist-hip ratio, and body weight were found to be independent risk factors for hypertension as also family history of hypertension and death of spouse. Interestingly, lower income, illiteracy and farming emerged as protection against hypertension in the surveyed community. Habit of smoking and alcohol intake lost their independent predictive ability for hypertension. The type of oil used for cooking also lost independent predictive ability on multivariate analysis.
Discussion
Overall prevalence of hypertension in the surveyed rural population has been found to be almost equal to what has been estimated by recent studies in developing countries like Vietnam (25.1%) [16, 17] and also as per meta-analysis of Indian studies which found overall prevalence for hypertension in India as 29.8% (95% CI, 26.7, 33.0), with a prevalence of 27.6% (23.2, 32.0) in rural areas, however, our study estimate was higher than that of rural south India (21.1%, 20.1, 22.0) [9] . Our study thus shows an increasing prevalence in rural South India. This prevalence would be even higher if standardized for gender distribution since more than 62% of surveyed population was females as against 50.3% of females in Thavanampalle Mandal per 2011 census. Most risk factors identified with multivariate analysis were consistent with known risk factors found in surveys elsewhere except for the risk lowering factors of low-income and illiteracy. Lower prevalence of hypertension among farmers is consistent with similar findings in a study in Vietnam [17] . Higher risk of hypertension among widow(er)s in the surveyed population is also consistent with known association of worse health outcomes among them [18] . Our study estimates of 32.5%, being aware of their hypertensive status, was marginally higher than that estimated in a meta-analysis (25.3%) [9] . The present study showed that 46.2% of subjects who were aware of their hypertensive state and on management had satisfactory control of their BP, which is higher than that found in a study among a multinational population, where only 32.5% of individuals aware of their diagnosis and receiving pharmacological treatment had adequate control of their BP [19] . However, our study estimates were higher than other Indian studies which showed 25.1% (17.0-33.1), and 10.7% (6.5-15.0) with adequate treatment and control, respectively, in rural India [9] .
An early decline in diastolic BP among the males in the surveyed population is an important finding to corroborate a well-accepted notion that cardiovascular events occur at least a decade earlier in Indian population. Such a finding is essential to set guidelines for hypertension treatment in local population. Although the J-curve phenomenon remains controversial [20] , it still remains an important concept to investigate especially when there is an intent to intervene, in a community with high prevalence of diabetes, to reduce risks of hypertension with anti-hypertensives and lifestyle modifications.
The demonstrated association of hypertension with age, gender, BMI, waist-hip ratio, body weight, family history of hypertension, and diabetes is almost similar but not in complete consonance with the findings of other Indian studies. BMI and central obesity (waist -hip ratio) have been found to be associated with hypertension in a large number of Indian studies [9] . However, as compared to other Indian studies, alcohol and smoking lost independent predictive ability in multivariate analysis in current study [9] .
The high prevalence of hypertension in the study area and its association with the risk factors mandate that management for hypertension, as for other non-communicable chronic diseases (NCD), be implemented from the perspective of predictive, preventive and personalized medicine (PPPM) and not after disease onset, which would be a delayed approach [21] [22] [23] . The growing NCD pandemic will increase the economic burden for healthcare system in an already resource constrained community. As hypertension is easily diagnosable and treatable, its control could be utilized as an initiator to prevent and control other NCDs. High impact, sustainable and cost effective populationbased prevention strategies utilizing multi-sectoral approach for targeting lifestyle change are required to be implemented. This coupled with public policies, regulatory, and consumer education approaches, including increasing physical activity have been shown to prevent further increase with impact on other NCDs. Outcomes of such populationbased PPPM interventions need to be studied to develop guidelines for the most-effective prevention module in the local population before implementation at the national level.
Strengths and limitations of the study
The current study has brought out the magnitude and association of genetic and environmental factors with hypertension. However, as only limited investigations were done and as the impact of important dietary risk factors such as salt, vegetables, and fruit intake as also the role of stress could not be fully covered, these remain as major limitations of the study. However, these will be included during the prospective follow up of the study population. Further, any causal association of the variables with hypertension cannot be derived from the current cross-sectional study. The strength of this study is that these participants will be followed up in a prospective manner and causal association of the variables and also the effectiveness of preventive strategies undertaken to control them can be studied.
What is known about topic?
• Rising prevalence of hypertension in rural India.
• Multiple risk factors, both modifiable and non-modifiable. Significant among them being, age, sex, ethnicity, family history, obesity, not being physically active, use of tobacco, alcohol, diet related including too much salt or too little potassium or Vitamin D, Stress, and certain chronic conditions such as kidney disease, diabetes, and sleep apnea.
What this study adds?
• Actual prevalence of hypertension in the area of survey and effect of control measures being adopted.
• Demonstration of decline in diastolic blood pressure among males in fifth decade of life which is 15 years earlier than the documented data from the Western world. This is likely to result in a revised strategy for hypertension management especially in individuals with myocardial infarction in view of the J-curve phenomenon.
• Effect of risk factors including illiteracy, poverty, physical activity, consumption of alcohol, and consumption of palm oil have been reported differently in the study than in earlier studies.
• Identification of hypertensives including those previously diagnosed and on inappropriate management and putting them on a structured protocol with continuous monitoring.
• The current cross-sectional study of the population has thus identified the individuals with hypertension and other noncommunicable diseases as well as those at high risk of these diseases in the community and has provided a large cohort, which is now being followed up through the clinics established in the study location to understand comprehensively the impact of risk factors on the disease process and their control. It has thereby provided a platform for implementation and evaluation of population based interventional strategies in a semi-rural population which comprises a large subsection of the Indian population in a transitional stage of evolution from a rural to an urban society.
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